We report on the first experimental observation of Bloch Oscillations of nonlocal quantum states. Our integrated photonic circuit could serve as a platform for quantum simulation of the dynamics of bosonic, anyonic and fermionic particles.
localization of the associated wave functions when traversing lattice potentials subject to external gradient forces.
Albeit BOs are deeply rooted into the very foundations of quantum mechanics, all experimental observations of this phenomenon so far have only considered dynamics of one or two particles initially prepared in separable local states. A more general description of the phenomenon should evidently contemplate the evolution of nonlocal states [1] . In our work, we experimentally investigate BOs of two-photon nonlocal (EPR) states, defined as:
where the indices refer to the lattice sites and I is a relative phase. The associated quantum correlations are such that the two photons always bunch into the same mode, either m or n , with equal probability 1 2 . When a state of this family undergoes BOs, a cyclic behavior occurs between particles separating (antibunching) and gathering (bunching) in space solely due to quantum interference, a strong peculiarity of this time-independent system. O , the correlation map exhibits that the photons initially correlated in their positions have undergone a sudden split-up, becoming anticorrelated (Fig. 2a) with co-occurrence of correlation and anticorrelation (Fig. 2b) . Strong bunching effects are observed when approaching half a Bloch cycle (Fig. 2c) , a specific behavior of quantum light. As a second case, we investigate the response of a Bloch-oscillator seeded by an antisymmetric EPR state. This time, a clear bunched state is observed at a short propagation distance (Fig. 2d ) that further transforms into an antibunched state (Figs. 2e,f) .
In doing so, we establish the presence of a cyclic behavior in photon correlations, a singular effect in any quantum mechanics system. Furthermore, by judicious control of this cycle, we explore the capability of the lattice to act as a quantum simulator, reproducing the dynamics of three types of particles (bosons, fermions and anyons) based on the associated quantum particle statistics of each family. 
